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DETAILED ACTION 



Response to Arguments 

Applicant's arguments with respect to claims 1 , 16, 21 ,and 25 have been 
considered but are moot in view of the new ground(s) of rejection. 



Claim Objections 

Claims 8, 9, 10, 13, and 14 are objected to under 37 CFR 1.75(c), as being of 
improper dependent form for failing to further limit the subject matter of a previous 
claim. Applicant is required to cancel the claim(s), or amend the claim(s) to place the 
claim(s) in proper dependent form, or rewrite the claim(s) in independent form. Claim 7 
recites 'wherein each of one or more of the nodes is memoryless and processorless," 
while claims 8, 9, 10, 13, and 14 recite a processor, memory, or both, and therefore fail 
to further limit the subject matter of claim 7. 

Claim Rejections - 35 (JSC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351(a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21(2) 
of such treaty in the English language. 
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Claims 1 - 3 are rejected under 35 U.S.C. 102(e) as being clearly anticipated by 

Kiick. 

With regard to claim 1, Kiick describes a method comprising at least one of: 

Assigning interrupts for a plurality of input/output (I/O) devices among a plurality 
of nodes of a system based on at least one of: the nodes to which the I/O devices are 
connected; and the nodes at which interrupt service routines for the I/O devices reside; 
and processors of the nodes (Paragraph 34 describes that interrupts should be 
assigned to the "closest" processors, and not across node boundaries. Examiner 
interprets this to mean the interrupts for the I/O devices should be assigned to nodes to 
which they are connected or to nodes where the ISRs for the said I/O devices reside.); 

For each node of the system, assigning the interrupts for the devices that are 
performance critical and that have been assigned to the node among the processors of 
the node in a round-robin manner (Examiner interprets all devices in the reference to be 
considered "performance critical"; Paragraph 26); 

Dynamically modifying assignments of the interrupts among the nodes of the 
system based on actual performance characteristics; of the assignments (Paragraphs 
25, 28,31); 

For each node of the system, dynamically modifying assignments of the 
interrupts that are performance critical and that have been assigned to the node among 
the processors of the node based on actual performance characteristics of the 
assignments (Paragraphs 25, 28, 31). 
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Kiick describes a multiprocessor system that is tightly-coupled, and could have 
shared main memory, mass storage, and cache, and runs a single copy of an operating 
system (paragraph 7). These limitations define a NUMA system as evidenced by the 
definition from Whatis.com, and therefore, Kiick implicitly describes a NUMA system for 
use with his invention. 

With regard to claim 2, Kiick describes the method of claim 1, wherein assigning 
the interrupts for the plurality of I/O device among the plurality of nodes of the NUMA 
system comprises, for each I/O device: 

Where the node (Figure 1, items 102A, 102B) to which the I/O device (Figure 1, 
items 11 OA, 11 OB) is connected has a cache (Paragraph 10), memory (Figure 1, items 
108A, 108B), and at least one processor (Figure 1, items 106A, 106B), assigning the 
interrupt for the I/O device to the node to which the I/O device is connected; 

Otherwise, where the node at which the interrupt service routine for the I/O 
device resides has memory and at least one processor, assigning the interrupt for the 
I/O device to the node at which the interrupt service routine for the I/O device resides 
(Paragraph 34 describes that interrupts should be assigned to the "closest" processors, 
and not across node boundaries. Examiner interprets this to mean the interrupts for the 
I/O devices should be assigned to nodes to which they are connected or to nodes 
where the ISRs for the said I/O devices reside.). 
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With regard to claim 3, Kiick describes the method of claim 2, wherein assigning 
the interrupts for the plurality of I/O devices among the plurality of nodes of the NUMA 
system further comprises, for each I/O device, otherwise, assigning the interrupt for the 
I/O device to one of the nodes having memory and at least one processor (Paragraph 
23 describes each node containing memory (Figure 1, items 108A, 108B), and at least 
one processor (Figure 1, items 106A, 106B); paragraph 26). 



Claims 7- 10, 12, and 15 are rejected under 35 U.S.C. 102(e) as being clearly 
anticipated by Kiick. 

With regard to claim 7, Kiick describes a non-uniform memory access (NUMA) 
system comprising: 

A plurality of nodes (Figure 1, items 102A, 102B); 

A plurality of input/ouput (I/O) devices, each I/O device connected to one of the 
plurality of nodes and having an interrupt (Figure 1 , items 1 1 0A, 11 OB); 

An interrupt-assignor responsive to the I/O devices and the nodes to assign the 
interrupt for each I/O device to one of the plurality of nodes in a performance-optimized 
manner (where an interrupt-assignor may be interpreted as a dynamic interrupt 
distributor; Figure 2, item 210; paragraphs 25, 28). 

Kiick describes a multiprocessor system that is tightly-coupled, and could have 
shared main memory, mass storage, and cache, and runs a single copy of an operating 
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system (paragraph 7). These limitations define a NUMA system as evidenced by the 
definition fromt5 Whatis.com, and therefore, Kiick implicitly describes a NUMA system 
for use with his invention. 

With regard to claim 8, Kiick describes the system of claim 7, wherein each of 
one or more of the plurality of nodes has memory and at least one processor (Figure 1, 
items 108A, 106A; items 108B, 106B), the memory of a node being local to the node 
and remote to the other plurality of nodes (Figure 1 , items 108A, 108B; paragraph 23 
describes each domain having domain-specific memory (where a domain may be 
interpreted as a node, as described earlier in paragraph 23)), and the interrupt-assignor 
is to assign the interrupt for each I/O device to one of the plurality of nodes that has 
memory and at least one processor (where an interrupt-assignor may be interpreted as 
a dynamic interrupt distributor; Figure 2, item 210; paragraphs 25, 28; all nodes (items 
102A, 102B are shown in Figure 1 to have memory and at least one processor). 

With regard to claim 9, Kiick describes the system of claim 8, wherein at least 
one of the I/O devices are performance critical, the interrupt-assignor further to assign 
the interrupt for each I/O device that is performance critical among the at least one 
processor of the node to which the interrupt has been assigned in a round-robin manner 
(Examiner interprets all of the I/O devices of the invention of Kiick to be performance 
critical, thereby necessitating the use of his invention to improve performance; 
Paragraphs 25, 26, 28). 
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With regard to claim 10, Kiick describes the system of claim 7, wherein the 
interrupt-assignment software is further to dynamically modify assignments of the 
interrupts that are performance critical among the at least one processor of a node 
based on actual performance characteristics of the assignments. Examiner believes 
Applicant meant to refer to "the interrupt-assignor" instead of "interrupt-assignment 
software." (Paragraphs 26, 28, 31) 

With regard to claim 12, Kiick describes the system of claim 7, wherein the 
interrupt-assignor is further to dynamically modify assignments of the interrupts among 
the plurality of nodes based on actual performance characteristics of the assignments 
(Paragraphs 26, 28, 31). 

With regard to claim 15, Kiick describes the system of claim 7, wherein the 
interrupt-assignor resides within one of the plurality of nodes (where an interrupt- 
assignor may be interpreted as a dynamic interrupt distributor; Figure 2, item 210; 
paragraph 28 describes a predetermined processor in a domain (node) dedicated to run 
the interrupt-assignor). 
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Claims 16-20 are rejected under 35 U.S.C. 102(e) as being clearly anticipated 
by Kiick. 

With regard to claim 16, Kiick describes an article of manufacture comprising: 
A computer readable medium; 

Means in the medium for assigning interrupts for a plurality of input/ouput (I/O) 
devices (paragraph 28 describes a dynamic interrupt distributor embodied as a program 
module. Examiner identifies that a program module must be embodied on a computer 
readable medium in order to be useful, and therefore implicitly describes this limitation) 
among a plurality of nodes based on at least one factor selected from the set consisting 
of: the nodes to which the devices are connected, and the nodes at which interrupt 
service routines for the I/O devices reside (Paragraph 34 describes that interrupts 
should be assigned to the "closest" processors, and not across node boundaries. 
Examiner interprets this to mean the interrupts for the I/O devices should be assigned to 
nodes to which they are connected or to nodes where the ISRs for the said I/O devices 
reside.). 

With regard to claim 17, Kiick describes the article of claim 16, wherein the 
means is for assigning the interrupts among the plurality of nodes further based on 
whether the nodes have processors and memories (Kiick describes assigning ISRs to 
processors which have associated memories; paragraph 14). 
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With regard to claim 18, Kiick describes the article of claim 16, wherein the 
means, for each node, is further for assigning the interrupts for the devices that are 
performance critical and that have been assigned to the node among the processors of 
the node in a round-robin manner (Examiner interprets all of the I/O devices of the 
invention of Kiick to be performance critical, thereby necessitating the use of his 
invention to improve performance; Paragraphs 25, 26, 28). 

With regard to claim 19, Kiick describes the article of claim 18, wherein the 
means, is further for dynamically modifying assignments of the interrupts among the 
nodes based on actual performance characteristics of the assignments, and, for each 
node, for dynamically modifying assignments of the interrupts that are performance 
critical and that have been assigned to the node among the processors of the node 
based on actual performance characteristics of the assignments (paragraphs 25, 28, 
31). 

With regard to claim 20, Kiick describes the article of claim 16, wherein the 
medium is one of a recordable data storage medium (paragraph 28). 



Claims 21 
by Kiick. 



- 24 are rejected under 35 U.S.C. 102(e) as being clearly anticipated 
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With regard to claim 21, Kiick describes an article of manufacture comprising: 

An interrupt-assignor (Figure 2, item 210; paragraph 28) to assign interrupts for a 
plurality of input/output (I/O) devices among a plurality of nodes based on at least one 
factor selected from the set consisting of: 

The nodes to which the I/O devices are connected; 

The nodes at which interrupt service routines for the I/O devices reside. 

(Paragraph 34 describes that interrupts should be assigned to the "closest" 
processors, and not across node boundaries. Examiner interprets this to mean the 
interrupts for the I/O devices should be assigned to nodes to which they are connected 
or to nodes where the ISRs for the said I/O devices reside.). 

With regard to claim 22, Kiick describes the article of claim 216, wherein the 
means is for assigning the interrupts among the plurality of nodes further based on 
whether the nodes have processors and memories (Kiick describes assigning ISRs to 
processors which have associated memories; paragraph 14). 

With regard to claim 23, Kiick describes the article of claim 21 , wherein the 
interrupt-assignor is to assign, for each node, the interrupts for the devices that are 
performance critical and that have been assigned to the node among the processors of 
the node in a round-robin manner (where the interrupt-assignor may be interpreted as a 
dynamic interrupt distributor; Examiner interprets all of the I/O devices of the invention 
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of Kiick to be performance critical, thereby necessitating the use of his invention to 
improve performance; Paragraphs 25, 26, 28). 

With regard to claim 24, Kiick describes the article of claim 23, wherein the 
interrupt-assignor is to dynamically modify assignments of the interrupts among the 
nodes based on actual performance characteristics of the assignments, and, for each 
node, to dynamically modify assignments of the interrupts that are performance critical 
and that have been assigned to the node among the processors of the node based on 
actual performance characteristics of the assignments (where an interrupt-assignor may 
be interpreted as a dynamic interrupt distributor; paragraphs 25, 28, 31). 



Claims 25 - 27, and 30 are rejected under 35 U.S.C. 102(e) as being clearly 
anticipated by Kiick. 

With regard to claim 25, Kiick describes a method comprising: 
Assigning interrupts for a plurality of input/output (I/O) devices among a plurality 
of nodes based on at least one factor selected from the set consisting of: the nodes to 
which the I/O devices are connected; and the nodes at which interrupt service routines 
for the I/O devices reside (Paragraph 34 describes that interrupts should be assigned to 
the "closest" processors, and not across node boundaries. Examiner interprets this to 
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mean the interrupts for the I/O devices should be assigned to nodes to which they are 
connected or to nodes where the ISRs for the said I/O devices reside.); 

For each node of the system, assigning the interrupts for the devices that are 
performance critical and that have been assigned to the node among the processors of 
the node in a round-robin manner (Examiner interprets all of the I/O devices of the 
invention of Kiick to be performance critical, thereby necessitating the use of his 
invention to improve performance; Paragraphs 25, 26, 28); 

Dynamically modifying assignments of the interrupts among the nodes of the 
system based on actual performance characteristics of the assignments (paragraphs 
25,28,31); 

For each node of the system, dynamically modifying assignments of the 
interrupts that are performance critical and that have been assigned to the node among 
the processors of the node based on actual performance characteristics of the 
assignments (paragraphs 25, 28, 31). 

With regard to claim 26, Kiick describes the method f claim 25, wherein assigning 
the interrupts for the plurality of I/O devices among the plurality of nodes of the system 
comprises, for each I/O device: 

Where the node (Figure 1 , items 102A, 102B) to which the I/O device (Figure 1, 
items 110A, 110B) is connected has a cache (Paragraph 10), memory (Figure 1, items 
108A, 108B), and at least one processor (Figure 1, items 106A, 106B), assigning the 
interrupt for the I/O device to the node to which the I/O device is connected; 
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Otherwise, where the node at which the interrupt service routine for the I/O 
device resides has memory and at least one processor, assigning the interrupt for the 
I/O device to the node at which the interrupt service routine for the I/O device resides 
(Paragraph 34 describes that interrupts should be assigned to the "closest" processors, 
and not across node boundaries. Examiner interprets this to mean the interrupts for the 
I/O devices should be assigned to nodes to which they are connected or to nodes 
where the ISRs for the said I/O devices reside.). 

With regard to claim 27, Kiick describes the method of claim 25, wherein 
assigning the interrupts for the plurality of I/O devices among the plurality of nodes of 
the NUMA system further comprises, for each I/O device, otherwise, assigning the 
interrupt for the I/O device to one of the nodes having memory and at least one 
processor (Paragraph 23 describes each node containing memory (Figure 1, items 
108A, 108B), and at least one processor (Figure 1, items 106A, 106B); paragraph 26). 

With regard to claim 30, Kiick describes the method of claim 25, wherein for each 
node of the system, dynamically modifying the assignments of the interrupts that are 
performance critical and that have been assigned to the node among the process ors of 
the node comprises: 

Measuring the responsiveness of the processors of the node in processing the 
interrupts assigned thereto (paragraphs 27, 28, 35); 
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Where a differential between a best responsiveness and a worst responsiveness 
is greater than a threshold (paragraph 28; where a threshold may be interpreted as a 
"large enough difference"); 

Reassigning at least one of the interrupts assigned to the processor having the 
worst responsiveness to the processor having the best responsiveness (paragraphs 27 
- 30, 35). 
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Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

Claims 4 - 6, 28 and 29 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Kiick. 

With regard to claim 4, Kiick teaches the method of claim 1 , wherein dynamically 
modifying the assignments of the interrupts among the nodes of the NUMA system 
comprises: 

Measuring responsiveness of the node in processing the interrupt (paragraphs 
27 - 30); 

Kiick fails to explicitly teach assigning the interrupt to the node at which the 
interrupt service routine for the I/O device resides; measuring responsiveness of the 
node at which the interrupt service routine for the I/O device resides in processing the 
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interrupt; and where the responsiveness of the node to which the I/O device is 
connected is better than the responsiveness of the node at which the interrupt service 
routine for the I/O device resides, reassigning the interrupt to the node to which the I/O 
device is connected. 

Kiick does, however, teach that the dynamic interrupt distributor should be aware 
of the system architecture, and re-assign interrupts to the "closest" processors 
(paragraph 34). Therefore, it would have been obvious to one of ordinary skill in this art 
at the time of invention by Applicant to give preference in assigning interrupts to nodes 
at which the ISR for the device resides, or at which the I/O device itself resides, and 
then to re-assign interrupts accordingly to which configuration produced better 
performance as described in paragraphs 28 - 30). 

Kiick describes a multiprocessor system that is tightly-coupled, and could have 
shared main memory, mass storage, and cache, and runs a single copy of an operating 
system (paragraph 7). These limitations define a NUMA system as evidenced by the 
definition from Whatis.com, and therefore, Kiick implicitly describes a NUMA system for 
use with his invention. 

With regard to claim 5, Kiick teaches the method of claim 4, wherein dynamically 
modifying the assignments of the interrupts among the nodes of the NUMA system 
comprises, for each assignment of an interrupt for an I/O device to a node, where the 
. node is that at which the interrupt service routine for the I/O device resides: 
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Measuring responsiveness of the node in processing the interrupt (paragraphs 
27 - 30); 

Kiick fails to explicitly teach assigning the interrupt to the node to which the I/O 
device is connected; measuring responsiveness of the node to which the I/O device is 
connected in processing the interrupt; and where the responsiveness of the node at 
which the interrupt service routine for the I/O device is connected is better than the 
responsiveness of the node to which the I/O device is connected, reassigning the 
interrupt to the node at which the interrupt service routine for the I/O device resides. 

Kiick does, however, teach that the dynamic interrupt distributor should be aware 
of the system architecture, and re-assign interrupts to the "closest" processors 
(paragraph 34). Therefore, it would have been obvious to one of ordinary skill in this art 
at the time of invention by Applicant to give preference in assigning interrupts to nodes 
at which the I/O device is connected, or at which the ISR for the 10 device itself resides, 
and then to re-assign interrupts accordingly to which configuration produced better 
performance as described in paragraphs 28 - 30). 

With regard to claim 6, Kiick describes the method of claim 1 , wherein for each 
node of the NUMA system, dynamically modifying the assignments of the interrupts that 
are performance critical and that have been assigned to the node among the process 
ors of the node comprises: 

Measuring the responsiveness of the processors of the node in processing the 
interrupts assigned thereto (paragraphs 27, 28, 35); 
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Where a differential between a best responsiveness and a worst responsiveness 
is greater than a threshold (paragraph 28; where a threshold may be interpreted as a 
"large enough difference"); 

Reassigning at least one of the interrupts assigned to the processor having the 
worst responsiveness to the processor having the best responsiveness (paragraphs 27 
- 30, 35). 

With regard to claim 28, Kiick teaches the method of claim 25, wherein 
dynamically modifying the assignments of the interrupts among the nodes of the system 
comprises: 

Measuring responsiveness of the node in processing the interrupt (paragraphs 
27 - 30); 

Kiick fails to explicitly teach assigning the interrupt to the node at which the 
interrupt service routine for the I/O device resides; measuring responsiveness of the 
node at which the interrupt service routine for the I/O device resides in processing the 
interrupt; and where the responsiveness of the node to which the I/O device is 
connected is better than the responsiveness of the node at which the interrupt service 
routine for the I/O device resides, reassigning the interrupt to the node to which the I/O 
device is connected. 

Kiick does, however, teach that the dynamic interrupt distributor should be aware 
of the system architecture, and re-assign interrupts to the "closest" processors 
(paragraph 34). Therefore, it would have been obvious to one of ordinary skill in this art 



Application/Control Number: 10/644,133 Page 19 

Art Unit: 21 11 

at the time of invention by Applicant to give preference in assigning interrupts to nodes 
at which the ISR for the device resides, or at which the I/O device itself resides, and 
then to re-assign interrupts accordingly to which configuration produced better 
performance as described in paragraphs 28 - 30). 

With regard to claim 29, Kiick teaches the method of claim 25, wherein 
dynamically modifying the assignments of the interrupts among the nodes of the system 
comprises, for each assignment of an interrupt for an I/O device to a node, where the 
node is that at which the interrupt service routine for the I/O device resides: 

Measuring responsiveness of the node in processing the interrupt (paragraphs 
27 - 30); 

Kiick fails to explicitly teach assigning the interrupt to the node to which the I/O 
device is connected; measuring responsiveness of the node to which the I/O device is 
connected in processing the interrupt; and where the responsiveness of the node at 
which the interrupt service routine for the I/O device is connected is better than the 
responsiveness of the node to which the I/O device is connected, reassigning the 
interrupt to the node at which the interrupt service routine for the I/O device resides. 

Kiick does, however, teach that the dynamic interrupt distributor should be aware 
of the system architecture, and re-assign interrupts to the "closest" processors 
(paragraph 34). Therefore, it would have been obvious to one of ordinary skill in this art 
at the time of invention by Applicant to give preference in assigning interrupts to nodes 
at which the I/O device is connected, or at which the ISR for the 10 device itself resides, 
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and then to re-assign interrupts accordingly to which configuration produced better 
performance as described in paragraphs 28 - 30). 



Allowable Subject Matter 

The indicated allowability of claims 13 and 14 is withdrawn in view of the newly 
discovered reference(s) to Kiick et al. Rejections based on the newly cited reference(s) 
follow. 

Regarding claim 13, Kiick describes wherein the interrupt-assignor (paragraph 
34, where a interrupt-assignor may be interpreted as a dynamic interrupt distributor) is 
to give primary preference in assigning the interrupt for each I/O device to the node to 
which the I/O device is connected (paragraph 34, where a domain may be interpreted 
as a node) where the node to which the I/O device is connected has a cache 
(paragraph 10; Examiner interprets the processors within the processor complex (106A, 
106B) as having on-chip cache), memory (Figure 1, items 108A, 108B) , and at least 
one processor (Figure 1, items 106A, 106B). 

Regarding claim 14, Kiick describes wherein each I/O device further has an 
interrupt service routine residing at one of the plurality of nodes, and the interrupt- 
assignor (paragraph 34, where a interrupt-assignor may be interpreted as a dynamic 
interrupt distributor) is to give secondary preference in assigning the interrupt for each 
I/O device to the node at which the interrupt service routine of the I/O device resides 
(paragraphs 28, 34; Examiner notes that paragraph 28 identifies re-assigning interrupts 
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to be equivalent to re-assigning ISRs) where the node at which the interrupt service 
routine of the I/O device resides has a cache (paragraph 10; Examiner interprets the 
processors within the processor complex (106A, 106B) as having on-chip cache), 
memory (Figure 1 , items 108A, 108B), and at least one processor ((Figure 1 , items 
106A, 106B). 

Claim 7 is allowed. 

The following is an examiner's statement of reasons for allowance: 

the prior art of record neither teaches nor suggests all of the claimed subject matter of claim(s) (insert 
claim number(s)) including " 

The prior art of record neither teaches nor suggests all of the claimed subject 
matter of claim 7 including "wherein each of the one or more of the nodes is 
memoryless and processorless." 

Any comments considered necessary by applicant must be submitted no later 
than the payment of the issue fee and, to avoid processing delays, should preferably 
accompany the issue fee. Such submissions should be clearly labeled "Comments on 
Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Matthew D. Spittle whose telephone number is (571) 
272-2467. The examiner can normally be reached on Monday - Friday, 8 - 4:30. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, John Cottingham can be reached on 571-272-7079. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 




